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HEC-GeoRAS
Software Distribution and Availability Statement

The HEC-GeoRAS executable code and documentation are public domain
software that were developed under a Cooperative Research and Development
Agreement by the Hydrologic Engineering Center (HEC) and the Environmental
Systems Research Institute, Inc. (ESRI). The software and documentation were
developed with United States Federal Government resources and is therefore in
the public domain. This software can be downloaded for free from our internet
site (www.hec.usace.army.mil). HEC cannot provide technical support for this
software to non-Corps users. See our software vendor list (on our web page) to
locate organizations that provide the program, documentation, and support
services for a fee. However, we will respond to all documented instances of
program errors. Documented errors are bugs in the software due to
programming mistakes not model problems due to user-entered data.
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Foreword

Foreword

HEC-GeoRAS is an extension for use with ArcGIS, a general purpose
Geographic Information System software program developed and
copyrighted by the Environmental Systems Research Institute, Inc.,
(ESRI) Redlands, California.

The HEC-GeoRAS extension was developed though a Cooperative
Research and Development Agreement between the Hydrologic
Engineering Center (HEC) and ESRI. HEC-GeoRAS Version 4 is the
result of continued development by HEC and ESRI to migrate the
functionality of GeoRAS Version 3.1 (for ArcView 3.x) to the ArcGIS
platform.

The current HEC-GeoRAS software is based on the previous work
performed at HEC by Thomas A. Evans in developing Arclnfo scripts
and Cameron T. Ackerman adapting a user interface and coding
enhancements. Initial development of HEC-GeoRAS for ArcView 3.2
was programmed by Dean Djokic at ESRI in the Avenue scripting
language. HEC-GeoRAS 4 design and interface development was
performed by Cameron Ackerman while core routines were
programmed by Dean Djokic and Amit Sinha, ESRI.

Contributions from HEC staff including Gary W. Brunner, Mark R.
Jensen, and comments from the field continue to shape HEC-GeoRAS
development. Darryl W. Davis was Director during the development of
HEC-GeoRAS.

This manual was written by Cameron T. Ackerman.

vi
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CHAPTER 1

Introduction

HEC-GeoRAS is set of ArcGIS tools specifically designed to process
geospatial data for use with the Hydrologic Engineering Center’s River
Analysis System (HEC-RAS). The extension allows users with limited
GIS experience to create an HEC-RAS import file containing geometric
data from an existing digital terrain model (DTM) and complementary
data sets. Results exported from HEC-RAS may also be processed.

The current version of HEC-GeoRAS creates an import file, referred to
herein as the RAS GIS Import File, containing river, reach and station
identifiers; cross-sectional cut lines; cross-sectional surface lines;
cross-sectional bank stations; downstream reach lengths for the left
overbank, main channel, and right overbank; and cross-sectional
roughness coefficients. Additional geometric data defining levee
alignments, ineffective flow areas, blocked obstructions, and storage
areas may be written to the RAS GIS Import File. New to GeoRAS
Version 4, limited hydraulic structure data are written to the import file
for bridges, inline structures, and lateral structures. Water surface
profile data exported from HEC-RAS may be processed into GIS data
sets.

Chapter 1 discusses the intended use of HEC-GeoRAS and provides an
overview of this manual.

Contents
e Intended Application of HEC-GeoRAS
e Overview of Requirements

e User’s Manual Overview
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Intended Application of HEC-GeoRAS

HEC-GeoRAS creates a file of geometric data for import into HEC-RAS
and enables viewing of exported results from RAS. The import file is
created from data extracted from data sets (ArcGIS Layers) and from
a Digital Terrain Model (DTM). HEC-GeoRAS requires a DTM
represented by a triangulated irregular network (TIN) or a GRID. The
layers and the DTM are referred to collectively as the RAS Layers.
Geometric data are developed based on the intersection of the RAS
Layers.

Prior to performing hydraulic computations in HEC-RAS, the geometric
data must be imported and completed and flow data must be entered.
Once the hydraulic computations are performed, exported water
surface and velocity results from HEC-RAS may be imported back to
the GIS using HEC-GeoRAS for spatial analysis. GIS data is
transferred between HEC-RAS and ArcGIS using a specifically
formatted GIS data exchange file (*.sdf) as outlined in Appendix B.

Overview of Requirements

HEC-GeoRAS 4 is an extension for use with ArcGIS (Environmental
Systems Research Institute, 2000) that provides the user with a set of
procedures, tools, and utilities for the preparation of GIS data for
import into RAS and generation of GIS data from RAS output. While
the GeoRAS tools are designed for users with limited geographic
information systems (GIS) experience, extensive knowledge of ArcGIS
is advantageous. Users, however, must have experience modeling
with HEC-RAS and have a thorough understanding of river hydraulics
to properly create and interpret GIS data sets.

Software Requirements

HEC-GeoRAS 4.0 is an extension for use with ArcGIS 8.3. HEC-
GeoRAS 4.1 is for ArcGIS 9.1. Both the 3D Analyst extension and the
Spatial Analyst extension are required. HEC-GeoRAS presently only
runs on Microsoft Windows operating systems.

The full functionality of HEC-GeoRAS 4 requires HEC-RAS 3.1.3, or
later to import and export all of the GIS data options. Older versions
of HEC-RAS may be used, however, with limitations on importing
roughness coefficients, ineffective flow data, blocked obstructions,
levee data, hydraulic structures, and storage area data.
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Data Requirements

HEC-GeoRAS requires a DTM in the form of a TIN or a GRID. The DTM
must be a continuous surface that includes the bottom of the river
channel and the floodplain to be modeled. Because all cross-sectional
data will be extracted from the DTM, only high-resolution DTMs that
accurately represent the ground surface should be considered for
hydraulic modeling. Measurement units used are those relative to the
DTM coordinate system.

User’'s Manual Overview

This manual provides detailed instruction for using HEC-GeoRAS to
develop geometric data for import into HEC-RAS and view results from
HEC-RAS simulations. The manual is organized as follows:

Chapter 1-2 provides an introduction to HEC-GeoRAS, as well as
instructions for installing the extension and getting started.

Chapter 3 provides a detailed overview of HEC-GeoRAS.

Chapter 4 discusses in detail the tools, methods, and data
requirements for developing geometric data for import into HEC-RAS.

Chapter 5 explains how to use GIS data with HEC-RAS and provides
an overview for completing a hydraulic model.

Chapter 6 provides a detailed description of how to develop GIS data
sets from HEC-RAS simulation results.

Chapter 7 is an example of how to import data into a GeoRAS
geodatabase.

Chapter 8 is an example application of how to use HEC-GeoRAS and
HEC-RAS to perform a river hydraulics study.

Chapter 9 provides an example of using multiple terrain models in
GeoRAS.

Appendix A contains a list of references.

Appendix B provides the spatial data file format used by HEC-RAS for
import and export with example data files.
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CHAPTER 2

HEC-GeoRAS Installation

The installation procedure for the HEC-GeoRAS tools is discussed in
this chapter.

Contents

e Software Requirements
e Installation

e Loading HEC-GeoRAS

Software Requirements

HEC-GeoRAS Version 4 requires ArcGIS (ArcView license) for Windows
with the 3D Analyst and Spatial Analyst extensions. HEC-GeoRAS 4.0
is for ArcGIS 8.3 while HEC-GeoRAS 4.1 is for ArcGIS 9.1. There are
also several software components that require installation prior to
installing HEC-GeoRAS: Microsoft XML 4.0, ESRI ApFramework and
ApUtilities, and ESRI XML Data Exchange.

e MSXML 4.0 services allows for the use of XML files.
e ApFramework and ApUtilities provide tools for managing data.

e XML Data Exchange Tools manage XML data files.

The recommended system requirements for ArcGIS should be
observed and you should identify the availability of disk space for
creating GIS data sets.

Installation

The HEC-GeoRAS extension is installed and loaded as any other piece
of software. You should make sure to properly uninstall old
versions of the software (GeoRAS, ApFramework, XML Data
Exchange Tools, even old versions of ArcHydro) prior to installing a
new version. Removal of software previously installed is performed
through the Windows Control Panel using the Add/Remove Programs
options. This will ensure that all files are unregistered and deleted
properly. Verify that the older versions were properly deleted by

2-1
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navigating to the installation location (“C:\Program
Files\ESRI\WaterUtils”) and delete any remnant folders.

In order to install GeoRAS, the MSXML, ApFramework and XML Data
Exchange tools must already be installed. The steps for installing all
required software are listed:

1. Install the ApFramework by navigating to the “ApFramework”
directory and double-clicking on “Setup.exe”. ApFramework
8.3 must be installed for ArcGIS 8.3. ApFramework 9.1 must
be installed for ArcGIS 9.1.

The ApFramework and Utilities will be installed to the
“C:\Program Files\ESRI\WaterUtils\ApFramework” directory (by
default).

2. Install the MSXML (Microsoft XML Core Services) service pack.
It is available from Microsoft’'s XML Developer Center:
http://msdn.microsoft.com/XML/XMLDownloads. As of
publication of this document, MSXML 4.0 Service Pack 2 was
the latest release and is included with the installation files in
the “MSXML 4.0” directory. Double-click on the “msxml.msi”
file to install.

3. Install the XML Data Exchange by navigating to the
“XMLDataExchange” directory and double-clicking on
“Setup.exe”.

The XML Data Exchange tools will be installed to the
“C:\Program Files\ESRI\WaterUtils\XMLDataTools” directory (by
default). The MSXML 4.0 must be installed prior to installation
of the XML Data Exchange tools.

4. Install HEC-GeoRAS by navigating to the “HEC-GeoRAS 4.0”
(ArcGIS 8.3) or “HEC-GeoRAS 4.1” (ArcGIS 9.1) directory and
double-clicking on “Setup.exe”.

HEC-GeoRAS will be installed to the “C:\Program
Files\HEC\HEC-GeoRAS"” directory (by default).

Loading HEC-GeoRAS

The HEC-GeoRAS tools are loaded as a toolbar in ArcMap. To load the
GeoRAS toolbar, select Tools | Customize from the main ArcMap
interface (see Figure 2-1). Place a check in the checkbox
corresponding to HEC-GeoRAS. The GeoRAS toolbar will be added to
the interface. Press the Close button when finished. You may dock
the toolbar where desired.
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Customize

Toolbars lgommands ] Options ]

Toolbars:

Main Menu New. ..

Beset...

[1Disconnected Editing
[1Advanced Editing
[]Food Waming Response System

[w]Spatial Anahyst bt

Keyboard... Add from file...

Figure 2-1. Loading the HEC-GeoRAS toolbar in ArcGIS.
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CHAPTER 3

Working with HEC-GeoRAS — An Overview

HEC-GeoRAS is a set of procedures, tools, and utilities for processing
geospatial data in ArcGIS. The GeoRAS software assists in the
preparation of geometric data for import into HEC-RAS and processing
simulation results exported from HEC-RAS.

To create the import file, the user must have an existing digital terrain
model (DTM) of the river system in a TIN or GRID format. The user
creates a series of point, line, and polygon layers pertinent to
developing geometric data for HEC-RAS. The line layers created are
the Stream Centerline, Flow Path Centerlines (optional), Main Channel
Banks (optional), and Cross Section Cut Lines referred to, herein, as
the RAS Layers.

Additional RAS Layers may be created/used to extract additional
geometric data for import in HEC-RAS. These layers include Land Use
(for Manning’s n values), Levee Alignment, Ineffective Flow Areas,
Blocked Obstructions, Bridges/Culverts, Inline Structures, Lateral
Structures, and Storage Areas.

Water surface profile data exported from HEC-RAS simulations may be
processed by HEC-GeoRAS for GIS analysis.

An overview of the steps in developing the RAS GIS Import File (for
importing geometric data into HEC-RAS) and processing the RAS GIS
Export File (results exported from HEC-RAS) is provided to familiarize
the user with the ArcGIS environment. An overview diagram of the
HEC-GeoRAS process is shown in Figure 3-1.

Contents

e Getting Started

e Developing the RAS GIS Import File
e Running HEC-RAS

e Processing the RAS GIS Export File
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Start an ArcGIS Projec

GIS Data Development
M RAS Geometry

4

w N

[$ N

. Create Stream Centerline

a. Label river and reach names
b. Attribute features

. Create Cross-Sectional Cut Lines
. Create Optional RAS Layers

a. Attribute features

. Attribute Cross-Sectional Cut Lines
. Extract elevation data for RAS Layers

Generate RAS
GIS Import File
.RASImport.sdf

4

Enough Cross
Sections?

Yes

v

> Run HEC-RAS ‘7

WN =

[N

. Create new HEC-RAS project
. Import RAS GIS Import File
. Complete geometric, hydraulic structure

and flow data

. Compute HEC-RAS results
. Review results for hydraulic correctness

Generate RAS
GIS Export File
.RASExport.sdf

4

RAS Results Processing
RAS Mapping

Correct
inundated
area?

<4—No

Reduce grid
cell size

Yes
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. Convert .RASExport.sdf to XML
. Import RAS GIS Export File
. Inundation Mapping

a. Generate water surface TIN
b. Generate floodplain and depth grid

. Velocity Mapping

a. Generate velocity surface TIN
b. Generate velocity grid

Detailed floodplain
analysis

Figure 3-1. Process flow diagram for using HEC-GeoRAS.
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Getting Started

Start ArcMap. Load the HEC-GeoRAS tools by selecting Tools |
Customize from the main ArcMap interface and placing a checkbox
next to HEC-GeoRAS. The Spatial Analyst and 3D Analyst extensions
will automatically load whenever required by the tools.

When the GeoRAS extension loads, menus and tools are automatically
added to the ArcMap interface. These tools look like buttons. These
additions are intended to aid the user in stepping through the
geometric data development process and post-processing of exported
HEC-RAS simulation results. The GeoRAS toolbar is shown in Figure
3-2.

RAS Geometry ¥ RASMapping ¥ ¢ SF || &F = o £F ApUtiites ¥ Hep ¥

Figure 3-2. The HEC-GeoRAS toolbar.

HEC-GeoRAS Menus

The HEC-GeoRAS menu options are RAS Geometry, RAS Mapping,
Help, and ApUtilities. These menus are discussed below.

RAS Geometry

The RAS Geometry menu is for pre-processing geometric data for
import into HEC-RAS. Items are listed in the RAS Geometry dropdown
menu in the recommended (and sometimes required) order of
completion. Items available from the RAS Geometry menu items are
shown in Figure 3-3.
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Create RAS Layers 3
Layer Setup

Stream Centerline Attributes  »
X5 Cut Line Attributes 3

Manning's n Values

4
Levees ]
Ineffective Flow Areas 4
Blocked Obstructions 4

Bridges,Culverts

Irline Structures

4
4
Lateral Structures 4
Storage Areas [ 3

4

Storage Area Connections

Extract GIS data

Figure 3-3. GeoRAS geometry processing menu items.

RAS Mapping

The RAS Mapping menu is for post-processing exported HEC-RAS
results. Items available from the RAS Mapping dropdown menu are
listed in the required order of completion. Items available from the
RAS Mapping menu are shown in Figure 3-4.

Layer Setup
Read RAS GIS Export File

Create Optional Layers 3

Inundation Mapping 2

Postprocessing Utilities 4

Figure 3-4. RAS Mapping menu items.

Help

The Help menu will provide general online help information and will
provide the version number. Use the “About HEC-GeoRAS” menu item
to verify the version is consistent with the ArcGIS product it is being
used with!

3-4



Chapter 3 Working with HEC-GeoRAS — An Overview

ApUtilites

Features available from the ApuUtilities menu are used behind the
scenes to manage the data layers created through GeoRAS. Also
available from the ApUtilities menu is functionality to assign a unique
HydrolD to features. Only experienced users should use the items on
the ApUtilites menu.

You MUST add new Data Frames (Maps) using the ApUtilites |

Add New Map menu item. Otherwise GeoRAS will not find the
proper data sets to work with!

HEC-GeoRAS Tools

There are several tools provided in the toolbar. A tool waits for user
action after being activated and will either invoke a dialog or change
the mouse pointer, indicating the need for further action.

Table 3-1. Summary of HEC-GeoRAS tools.

Tool Description
¢ Allows the user to assign River and Reach names to the stream
It network.
E‘,,ﬂ Allows the user to assign station values to a stream.
il Assigns a LineType (Left, Channel, Right) value to the Flow Paths
feature class.
o Generates cross-sectional cut lines perpendicular to a stream
= centerline at a specified interval.
= Interactively plots a selected cross section.
T Assigns elevation values to a levee alignment for interpolation.
o8 Converts HEC-RAS output in SDF format to XML file. Necessary
L]

prior to post-processing RAS results.

Developing the RAS GIS Import File

The main steps in developing the RAS GIS Import File are as follow:
e Start a New Project

o Create RAS Layers

e Generate the RAS GIS Import File
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Start a New Project

Start a new project by opening a new ArcMap document. You should
then save the ArcMap project to an appropriate directory before
creating any RAS Layers. (You will save your ArcMap project to a
directory that has no wild card characters in the pathname. Post-
processing functions for the depth grids may not work if there are wild
cards in the pathname to the grids.) This may require using the file
browser to create and name a new directory. The directory to which
the ArcMap project is stored becomes the default location where the
RAS geodatabase is created and the location where the RAS GIS
Import File is written.

Next, load the DTM in TIN/GRID format. To load the Terrain DTM,

s
press the A (Add Layer) button on the ArcMap interface. This
invokes a browser. Select the TIN/GRID dataset and press OK. The
DTM is added to the current map.

Create RAS Layers

The next step is to create the RAS Layers that will be used for
geometric data development and extraction. The layers that need to
be created are the Stream Centerline, Banks (optional), the Flow Path
Centerlines (optional), and the Cross Section Cut Lines. Optional
layers include: a polygon layer of land cover to estimate Manning’s n
values; a polyline layer of levee alignments; a polygon layer for
representing ineffective flow areas; a polygon layer for representing
blocked obstructions; a polyline layer of bridges/culverts; a polyline
layer of inline structures; a polyline layer of lateral structures; and a
polygon layer for floodplain storage areas.

Existing shapefiles or Arcinfo coverages may be used; however, they
will need to contain the required database fields. If shapefiles or
Arcinfo coverages are used, always convert/import them to a feature
class, as discussed in Chapter 7. The existing layers must have a
HydrolD field populated for them to be useful. You can use the
HydrolD tool from the ApUtilities menu or the ArcHydro toolbar to add
this field and populate HydrolD values.

One simple way to ensure that that your data set has the required
fields of the GeoRAS geodatabase design is to create an empty feature
class using the RAS Geometry | Create RAS Layers | Feature
Class (where Feature Class corresponds to a RAS Layer) menu items
and copy and paste the features from your existing data set. This
action however, will not populate the attributes. Importing existing
data into an existing geodatabase will allow you to import attribute
data. An example on importing data is provided in Chapter 7.

Feature layers are created using basic ArcGIS editing tools. The
GeoRAS RAS Geometry menu directs the user through the data
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RAS Geometry =

development procedure. The following section provides an overview
for creating the RAS Layers.

Stream Centerline

The Stream Centerline layer should be created first. Select the RAS
Geometry | Create RAS Layers | Stream Centerline menu item as

shown in Figure 3-6.

Create RAS Layer

Layer Setup

Stream Centerline Attributes
%S Cut Line Attributes

Manning's n Values
Levess

Ineffective Flow Areas
Blocked Obstructions
Bridges/Culverts

Inline Structures

Lateral Structures
Storage Areas

Storage Area Connections

Extract GIS data

RAS Mapping *

|n<nr-§ll§ﬂ?’ &

ApUtiities = Help «

Bank Lines &

Flow Path Centerlines
X5 Cut Lines
Bridges/Culverts
Ineffective Flow Areas
Blocked Obstructions
Landuse Areas

Levee Alignment
Levee Paoints

Inline Structures
Lateral Structures
Storage Areas

Storage Area Connections

All

Figure 3-5. Create RAS Layers menu items.

The dialog shown in Figure 3-6 will appear.

accept the default name) and press OK.

' Create Stream Centerline Layer

Stream Centerline

|Fi ivver

(1].4 | Help | Ean-::el|

Figure 3-6. Create Stream Centerline layer dialog.

Enter the layer name (or

The Stream Centerline layer is added to the Map. To start adding
features to the Stream Centerline layer you will need to start an edit
session on the feature class.
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Editing is done using the Editor toolbar. Ensure the editing toolbar is
loaded by selecting the Tools |Customize menu item and placing a
checkbox next to the Editor toolbar. The toolbar shown in Figure 3-7
will be added to the interface.

Eitor v | & | & v Taski | = | Taraet: | =l

Figure 3-7. Editor toolbar in ArcGIS.

Select the Editor | Start Editing menu item. If you have layers
loaded from more than one geodatabase (or shapefiles), a dialog will
prompt you to choose the geodatabase you wish to edit. Once you
have selected the geodatabase, you must select the Target feature
class (layer) you wish to edit and select the Task (Create New
Feature, Modify Feature, etc).

Lastly, select the Sketch tool and begin drawing the river reaches one
by one on the map. River reaches must be drawn from upstream to
downstream. Each river reach is represented by one line having a
series of vertices. After creating the river network, save your edits
(Editor | Save Edits) and stop editing (Editor | Stop Editing).

The Stream Centerline layer, however, is not complete until each River

and Reach has been assigned a name. Select the B< (Reach and
River ID) tool. Cross hairs will appear as the cursor is moved over
the map display. Use the mouse to select a River Reach. The dialog
shown in Figure 3-8 will be invoked allowing you to name the river and
reach. Previously specified river names are available from a drop down
list using the down arrow to the right of the river name field. Reach
names for the same river must be unique.

Assign River and Reach Names E|

River || j

Reach |

119 | Help | Cancel |

Figure 3-8. River and reach name assignment.

Main Channel Banks

Creating the Main Channel Banks layer is optional. If you do not create
the banks layer, you will need to define the bank station locations in
HEC-RAS.
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Select the RAS Geometry | Create RAS Layers | Bank Lines menu
item. Enter the layer name and press OK.

Start editing and draw the location of the channel banks. Separate
lines should be used for the left and right bank of the river. Bank lines
from tributary rivers may overlap the bank lines of the main stem.
After defining each bank line, save edits.

Flow Path Centerlines

Creating the Flow Path Centerlines layer is optional. If omitted,
distances between cross-sections will need to be added manually
through the HEC-RAS interface.

Select the RAS Geometry | Create RAS Layers | Flow Path
Centerlines menu item. Enter the layer name and press OK.

If the Stream Centerline layer exists, the stream centerline is copied
as the flow path for the main channel. Each flow path must be labeled
with an identifier of Left, Channel, Right, corresponding to the left
overbank, main channel, or right overbank. One by one, use the b
(Flowpath) tool to label each flow path. After activating the Flowpath
tool, select each flow path with the cross-hairs cursor. The dialog

shown in Figure 3-9 will appear allowing the user to select the correct
flow path label from a list.

Assign LineType to Flowpath Fea... E|

LineType Left -

1].4 | Help | Cancel |

Figure 3-9. Label the Flow Path Lines with Left, Channel, or Right.

Cross-Sectional Cut Lines

Select the RAS Geometry | Create RAS Layers | XS Cut Lines
menu item. Enter the layer name in the dialog that appears and press
OK.

Start editing and use the Sketch tool to draw the locations where
cross-sectional data should be extracted from the terrain model. Each
cross-sectional cut line should be drawn from the left overbank to the
right overbank, when facing downstream. Cross-sectional cut lines are
multi-segment lines that should be drawn perpendicular to the flow
path lines. Cut lines must cross the main channel only once and no
two cross sections may intersect.
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Cross sections can be generated automatically at a specified interval

b
o

and width using the ** (Construct XS Cut Lines) tool. This is NOT
the preferred method and should be used with caution because the
lines are not generated following the guidelines necessary for modeling
one-dimensional flow.

Bridges/Culverts
Creating the Bridge/Culvert feature class is optional.

Select the RAS Geometry | Create RAS Layers | Bridges/Culverts
menu item. Enter the layer name in the dialog that appears and press
OK.

Start editing and use the sketch tool to draw the locations where
bridge deck data should be extracted from the terrain model. Each
deck cut line should be drawn from the left overbank to the right
overbank, when facing downstream.

You will also need to specify the top width and distance to the next
upstream cross section in the Bridge/Culvert attribute table.

Ineffective Areas
Creating the Ineffective Areas feature class is optional.

Select the RAS Geometry | Create RAS Layers | Ineffective Areas
menu item. Enter the layer name in the dialog that appears and press
OK.

Start editing and use the sketch tool to draw polygons around areas
that should be modeled as ineffective. Ineffective areas should be
used near bridge abutments and other areas where flow is expected to
stagnate.

Blocked Obstructions

Creating the Blocked Obstructions feature class is optional.

Select the RAS Geometry | Create RAS Layers | Blocked
Obstructuions menu item. Enter the layer name in the dialog that
appears and press OK.

Start editing and use the sketch tool to draw polygons around areas
that should be modeled as blocked out from flow. Blocked

obstructions should be used in areas where there has been floodplain
encroachment.

Levee Alignments

Creating the Levee Alignments feature class is optional.
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Select the RAS Geometry | Create RAS Layers | Levee Alignment
menu item. Enter the layer name in the dialog that appears and press
OK.

Start editing and use the sketch tool to draw the alignment of the
levee. Elevation data may be provided along the levee using the
Levee Tool or GeoRAS will use the elevation data from the DTM.
Levees should be along high areas such as levees, roads, and ridges
that prevent flow from flowing out into the floodplain.

Land Use

Creating the Land Use layer and estimating n values is optional;
however, if you choose to use this layer, you will need to create a data
set that covers the entire extent of each cross section. Further, you
may not use a polygon data set that is MULTIPART. Using the
“clipping” feature of ArcMap is useful feature for creating polygons that
share a common edge.

Land use data may be used to estimate Manning’s n values for each
cross section. Select the RAS Geometry | Create RAS Layers |
Land Use menu item. Enter the layer name in the dialog that appears
and press OK or load the land use layer from an existing data set.

Start editing and use the sketch tool to draw polygons around areas
that you want to represent with a single roughness coefficient. If you
have a field with the name “N_value”, enter the corresponding
roughness coefficients for each polygon.

If you have an existing data set that has a descriptive field you can
link roughness values to, you will need to create a linked table using
the RAS Geometry | Manning’s n Value | Create LU-Manning
Table menu item. Enter the roughness estimate in the “N_value” field
based on the linked description.

Inline Structures
Creating the Inline Structures feature class is optional.

Select the RAS Geometry | Create RAS Layers | Inline Structures
menu item. Enter the layer name in the dialog that appears and press
OK.

Start editing and use the sketch tool to draw the locations where weir
data should be extracted from the terrain model. Each weir cut line
should be drawn from the left overbank to the right overbank, when
facing downstream.

You will also need to specify the top width and distance to the next
upstream cross section in the Inline Structures attribute table.
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Lateral Structures

Select the RAS Geometry | Create RAS Layers | Lateral
Structures menu item. Enter the layer name in the dialog that
appears and press OK.

Start editing and use the sketch tool to draw the locations where weir
data should be extracted from the terrain model. Each weir cut line
should be drawn in the downstream direction. Creating the Inline
Structures feature class is optional.

You will also need to specify the top width and distance to the
upstream cross section just upstream in the Inline Structures attribute
table.

Storage Areas
Creating the Storage Areas feature class is optional.

Select the RAS Geometry | Create RAS Layers | Storage Areas
menu item. Enter the layer name in the dialog that appears and press
OK.

Start editing and use the sketch tool to draw polygons around areas
that will act as floodplain storage.

Storage Area Connections
Creating the Storage Area Connections feature class is optional.

Select the RAS Geometry | Create RAS Layers | Storage Area
Connections menu item. Enter the layer name in the dialog that
appears and press OK.

Start editing and use the sketch tool to draw the locations where weir
data should be extracted from the terrain model. Each weir cut line
should be drawn from the left overbank to the right overbank, when
facing downstream.

You also need to attribute the connections with the nearest storage
areas and weir’s top width.

Importing RAS Layers

The other option to creating a layer is to import an existing layer, and
assign a HydrolD value to each feature. The HydrolD field is required
for the GeoRAS tools to work. This is particularly useful for users who
already have layers containing all the required fields in the specified
format, though it is probably better to import the basic RAS Layers,
assign attributes, and then create the associated 3D layers using the
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GeoRAS tools. If these layers are created in GeoRAS, the HydrolD
fields are automatically populated.

The HydrolD field could be created and values assigned through the
HydrolD tool in ApUtilites menu shown in Figure 3-10. The menu item
will invoke a dialog that allows the user to specify a feature class (RAS
Layer) and assign unique HydrolDs. If the HydrolD field does not
exist, the field will be created. Note that HydrolD values must be
assigned prior to attributing any of the feature classes. The
HydolD provides the link from each feature to an attribute in
an associated table.

RAS Geometry ™  RAS Mapping ™ ,D{ F':‘;,ﬁ ll é\ff = > g AplUilites * Help «

List Maps
Add Mew Map

Set Target Locations. ..
XML Manager...
LoadMerge Config XML
HydroID Tables Manager. ..

Enable /Disable HydroID Manager

Assign UniqueID

Figure 3-10. Assign Unique HydrolDs menu item is on the ApUtilites menu..

Importing Shapefiles to a Geodatabase

To migrate a shapefile to a geodatabase, perform the following steps
(for a more detailed example refer the data import example in Chapter
7):

Start ArcCatalog.

2. Navigate to the dataset in the personal geodatabase where you
want to import the shapefile.

3. Right click on the dataset, click on Import | Shapefile to
Geodatabase Wizard tool. Select the shapefile. Click on Next.

Enter the desired feature class name. Click on Next button.

5. Instead of using defaults, elect to specify the remaining
parameters. Keep clicking on Next buttons. You will be
offered to change the Spatial Index Grid, Item to Field Mapping,
and Current Spatial Reference. On the Item to Field Mapping
page, change the names of field to the names desired.

6. Click on Finish to complete data migration from shapefile to
geodatabase.
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An alternative (simple) route is to perform the following:
1. Start ArcMap.

2. Create the feature class of interest using the GeoRAS RAS
Geometry | Create RAS Layers | Feature Class.
This creates all the require fields.

Add the shapefile.
Select all the features in the shapefile.

Starting Editing the shapefile.

3
4
5
6. Copy the features to the clipboard.
7. Stop Editing the shapefile.

8. Start Editing the feature class.

9. Paste the features into the feature class.
10. Stop Editing.

11. Attribute the feature class using the GeoRAS tools provided or
enter the data by hand. (You may need to repeat Steps 1-10
for multiple feature classes prior to completing Step 11.)

Generating the RAS GIS Import File

After creating/editing each RAS Layer, select the RAS Geometry |
Layer Setup menu item. The pre-processing layer setup dialog
shown in Figure 3-11 allows you to select the RAS Layers used for data
development and extraction. There are several tabs with dropdown
lists. Click through each tab and select the corresponding data.

Layer Setup

Fiequired Surface {H l Optional Layers l Optional T ables

Stream Centerline |Nu|| j
X5 Cut Lines [ =l
#5 Cut Lines Profiles | Nul |

114 ‘ Help ‘ Ean-::el|

Figure 3-11. Layer Setup dialog for pre-processing RAS Layers.
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From the Required Surface tab, select the terrain data type: TIN or
GRID. Use the drop down lists to select the Terrain TIN/GRID.

From the Required Data tab, verify that the Stream Centerline layer
and XS Cut Lines layer are selected. The XS Cut Line Profiles will be
created by GeoRAS in a later step.

From the Optional Layers tab, verify/select the layers you have
created. Press the OK button when finished.

Next, select the RAS Geometry | Stream Centerline Attribute |
Topology menu item. This process completes the centerline topology
by populating the FromNode and ToNode fields. In addition, a table is
also created to store nodes X, y, and z coordinates. These are used
later to create the GIS import file. Select RAS Geometry | Stream
Centerline Attribute | Length/Stations to assign length and station
values to river features.

Optionally, select RAS Geometry | Stream Centerline Attribute |
Elevations to create 3D stream centerline layer from the 2D layer
using elevations from the DTM. This step is not required — HEC-RAS
does not use the elevation data extracted along the stream centerline!

The next step is to add geometric attributes to the Cross Section Cut
Line layer. Select the items under the RAS Geometry | XS Cut Line
Attributes menu one-by-one verifying the data that is appended to
the XS Cut Line attribute table after each step. If an error message is
invoked, fix your data set, and repeat the menu item. River and
reach names, river station, bank station (optional), and downstream
reach length (optional) information will be appended to each cross
section cut line.

To complete the cross-sectional data, station-elevation data needs to
be extracted from the DTM. Select the RAS Geometry | XS Cut Line
Attributes | Elevations menu item. This will create a 3D cross-
sectional surface line layer from the cross-sectional cut lines.

If you have a Land Use layer with estimated roughness coefficients,
select the RAS Geometry | Manning’s n Values | n Values Extract
to determine the horizontal variation in Manning’s n values along each
cross section. An option to either use a summary Manning table or
directly use an N_Value field from a Land Use layer is available. Thus,
if the Land Use layer already has the Manning field populated, you can
directly use the Land Use layer as the source of Manning’s n values to
create a table listing cross-section segments and its manning value.

If the Manning n Values | Create LU-Manning table tool is used,
an option to choose the field to cross-reference for Manning’s n values
from the Land Use layer is added. A summary Manning table is
created with empty Manning’s n values and the you will have to
manually enter them.
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If you have the Levee layer, select RAS Geometry | Levee | Profile
Completion to create 3D Levee features from the 2D features using
the DTM as source of elevation. This tool will optionally apply the user-
defined elevations from the LeveePoints feature class to interpolate the
Levee elevations. Select RAS Geometry | Levee | Positions to
calculate the intersection of the levees at the cross sections.

If you have ineffective flow data, select the RAS Geometry |
Ineffective Flow Areas | Positions to calculate the location of
ineffective flow areas at the cross sections.

If you have a Bridges/Culverts layer, select the RAS Geometry |
Bridges/Culverts | River/Reach Names to assign the River and
Reach Names to the feature from the Stream Centerline layer. Select
the RAS Geometry | Bridges/Culverts | Stationing to assign river
station values to the Bridge/Culvert features. Select the RAS
Geometry | Bridges/Culverts | Elevations to create a 3D layer by
extracting elevations from the DTM.

If you have an Inline Structures layer, select the RAS Geometry |
Inline Structures | River/Reach Names to assign the River and
Reach Names that the Inline Structures intersects. Select the RAS
Geometry | Inline Structures | Stationing to assign station values
to the Bridge/Culvert features. Select the RAS Geometry | Inline
Structures | Elevations to create a 3D layer by extracting elevations
from the DTM.

If you have a Lateral Structures layer, select the RAS Geometry |
Lateral Structures | River/Reach Names to assign the River and
Reach Names that the Lateral Structure lies along. Select the RAS
Geometry | Lateral Structures | Stationing to assign station
values to the Bridge/Culvert features. Select the RAS Geometry |
Lateral Structures | Elevations to create a 3D layer by extracting
elevations from the DTM.

If you have storage areas, select the RAS Geometry | Storage
Areas | Elevation Range to calculate the minimum and maximum
elevation. Select the RAS Geometry | Storage Areas | Elevation-
Volume Data to calculate elevation-volume relationship for each
storage area of interest. Optionally. Select the RAS Geometry |
Storage Areas | TIN Point Extraction to extract all TIN points that fall
within the storage area. (HEC-RAS does not currently use the points
extracted within the Storage Area, therefore, skipping this step is
recommended.)

Lastly, select the RAS Geometry | Extract GIS Data menu item.
This step writes the header information, river and reach information
contained in the Stream Centerline layer, and cross-sectional
information contained in the XS Cut Line Profiles layer to the RAS GIS
Import File in the HEC-RAS spatial data format. Manning’s n values,
levee alignment data, ineffective flow data, blocked obstruction data,
bridge/culvert data, inline structure data, lateral structure data, and
storage data will be written, if available. This tool generates the RAS
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GIS import file in two formats: one in the SDF format and the other in
the XML format. The XML format is designed for future use. Note that
this tool uses predefined XML and XSL files located under the “bin”
folder in HEC-GeoRAS install folder. These files are automatically
installed, and must not be moved by the user. The tool expects to find
these files at this location.

Running HEC-RAS

Create and save a new HEC-RAS project. From the Geometric
Schematic choose the File | Import Geometry Data | GIS Data
menu option. Select the .RASImport.sdf file to import. The Import
Option dialog will appear as shown in Figure 3-12, though the dialog
will be set to the Intro tab. Select the unit system to import the data
into. Next, select the stream centerline by River and Reach name to
import. Then select the cross sections to import by placing a check in
the corresponding box. Select the properties to import for each cross
section. When finished identifying the data for import press the
Finished — Import Data button.

Import Options

Intra] River Reach Stieam Lines E...Exn;.a..S.ﬁ;L'u:una..md.IE..N.l:u.l;le.a..E] Storage dreas a

]

| 180 Rivers) w|impotas [T #newRS = 47 [# new RS to impart = 47)

Import River;
Import Reach: | :_] Irnport A Check New1 Check Exsizting ] Reset ]
The imported RS can be edited here, change the import River and Reach nan th
Impairt File Impaort File Import File Import Az Import | Import
River Reach RS RS Statuz [Data
1| Kulai Gorge headwaters 031 0.3 et v
2| Kulai Gorge headwaters 029 0.29 et v
3| Kulai Gorge headw